Abstract: A modified tridentate pyridine bisoxazoline (pybox) ligand, possessing gemdiphenyl substitution at C-5 of the oxazoline rings, has been proved to be a very efficient ligand for enantioselective allylic oxidation, one-pot three-component synthesis of propargyamines, and Friedel-Crafts alkylation of various aromatic compounds. We have shown that a 5',5'-diphenyl grouping in the oxazoline rings of chiral ligands is crucial for higher reaction rates as well as enhanced enantioselectivity.
INTRODUCTION
Chiral transition-metal complexes play a significant role in the synthesis of optically pure molecules [1] . Among various catalysts used, especially, bisoxazoline-metal complexes play a vital role in asymmetric catalysis because of their easy accessibility and modular nature [2] . Nishiyama first demonstrated the potential of the pyridine-bisoxazoline (pybox) 1 ligand for asymmetric catalysis [3] , and it has since received much attention for this purpose [4] . For the past several years, our group has been involved in designing new catalysts for various enantioselective reactions. While working on enantioselective cyclopropanation and allylic oxidation of olefins catalyzed by chiral pybox-metal complexes, we modified the Nishiyama's pybox ligand 1 into ligand 2 having gem-diphenyl substitution at the C-5 position of oxazoline ring (henceforth abbreviated as pybox-diph) (Fig. 1) [5, 6] . This ligand 2 has been successfully used in enantioselective allylic oxidation of olefin [6] , allylation of aldehydes [7] , propargylation of imines [8] , and Friedel-Crafts alkylation of indoles [9] and pyrroles [10] . In this paper, we outline a full account of our studies in the area of enantioselective reactions catalyzed by pybox-diphmetal complexes.
SYNTHESIS OF PYBOX-DIPH LIGAND
The pybox-diph ligands can easily be synthesized in two steps, viz. by coupling of pyridine 2,6-dicarbonyl chloride and chiral β-amino alcohols followed by an intramolecular condensation promoted by methanesulfonic acid as shown in Scheme 1. The ligand was purified by column chromatography followed by recrystallization from ether (Scheme 1).
PYBOX-DIPH LIGAND IN ENANTIOSELECTIVE CATALYSIS Enantioselective allylic oxidation of olefins
While using copper complex of pyridine 2,6-bis(4'-isopropyl-5',5'-diphenyloxazoline) 2a ligand in enantioselective allylic oxidation of olefins [6a] , we found that the Cu(I) species prepared by the in situ reduction of Cu(II) with phenylhydrazine in acetone, is more efficient than the commercially available Cu(I) salts such as (CuOTf) 2 ؒPhH [6b]. The reduction of Cu(II) to Cu(I) by phenylhydrazine and phenylhydrazone has been confirmed by electron paramagnetic resonance (EPR) study.
The pybox-diph ligand 2a catalyzed the reaction with a faster reaction rate and provided better enantioselectivity than the pybox ligand 1, showing the beneficial effect of gem-diphenyl groups at oxazoline rings. A catalyst loading of just 5 mol % led to the product with excellent enantioselectivities [6c]. Also, we have shown that the enantioselectivity of the product can be further improved by the use of different peresters. We have achieved a maximum of 98 % ee for cyclohexene, 96 % ee for cyclooctene and 1,3-cyclooctadiene, and 94 % ee for cycloheptene by choosing a unique combination of a chiral ligand and perester at room temperature (Scheme 2).
The stereochemical outcome has been explained by proposed transition-state models as shown in Fig. 3 . Three donor sites of the ligand and two donor sites of substrate will lead to a five-coordinated Cu(II) complex. The five-coordinated complex may possess two geometries, i.e., trigonal bipyramidal and square pyramidal. EPR spectra of complex [Cu(2a)(6a)](OTf) 2 support the formation of square pyramidal geometry [11] .
Two transition states (TSs) having a square pyramidal geometry are possibly TS1 and TS2. Between two TSs, TS1 will be more reactive owing to trans-influence of pyridine. Furthermore, in TS2 the reacting center of 2-enoylpyridine N-oxide 6a is less accessible than in TS1 to a nucleophile owing to steric hindrance of the phenyl rings at C-5 of the oxazoline ring. In TS1, the indole attacks the 2-enoylpyridine N-oxide from the Re face leading to the observed enantiomer. Si face attack is hindered by the presence of an isopropyl group at C4 of the oxazoline ring. A sixth weak axial coordination of the triflate ion that leads to an elongated tetragonal TS cannot be completely excluded. 
CONCLUSIONS

